Abstract
INTRODUCTION
Heart failure with preserved ejection fraction (HFpEF) is a clinical condition with signs and symptoms of heart failure (HF) with normal or near normal left ventricular ejection fraction (≥50%) [1] . The proportion of HF hospitalizations characterized by preserved ejection fraction increased from 33% to 39% during 2005 to 2010 [2, 3] . Clinical trials of therapies targeting the renin-angiotensin-aldosterone system and the adrenergic nervous system have not shown benefit in patients with HFpEF [4] . The Candesartan in Heart Failure-Assessment of Reduction in
Mortality and Morbidity (CHARM) and Irbesartan in Patients with Heart Failure and Preserved
Ejection Fraction (I-PRESERVE) studies show that neither candesartan nor irbesartan reduced cardiovascular mortality or hospital admissions of patients with HFpEF [5] . Similarly, the result from Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial showed no difference in total deaths and hospitalizations in HFpEF patients randomized to take spironolactone versus placebo [6] . Currently, there are no medications specifically indicated for HFpEF apart from diuretics to treat signs and symptoms of congestion.
The concomitant presence of cardiovascular and non-cardiovascular comorbidities makes diagnosing HFpEF difficult and can complicate management decisions related to drug therapy.
Despite no known evidence of benefit of treatment on HFpEF-related outcomes, beta-blockers, angiotensin converting enzymes or angiotensin receptor blockers (ACEIs/ARBs), calcium channel blockers (CCBs), statins and other medications have been commonly used in HFpEF patients to treat associated comorbid conditions [7] as suggested by guidelines for the management of heart failure [8] [9] [10] . The treatment guidelines for HFpEF focus on controlling physiologic factors that adversely affect ventricular diastolic function, which includes blood pressure, heart rate, dyspnea, volume overload, blood volume and myocardial ischemia.
The medication treatment patterns among HFpEF patients have largely been described in single-site studies, homogeneous community based cohorts, or in clinical trials with restrictive eligibility criteria. We aimed to describe medication patterns among a sample of participants that spanned across the entire contiguous United States. This study provides a description of medications being taken upon hospital admission, discharge prescriptions, and prescription fills within one-year post-hospitalization among the REasons for Geographic and Racial Differences in Stroke (REGARDS) study participants that were hospitalized for HFpEF. We also examined the associations between presence of chronic kidney disease (CKD), coronary heart disease (CHD), COPD, and diabetes with medication prescriptions at discharge for HFpEF. We focused on these comorbid conditions because they could have influenced the prescription of the medications of interest.
METHODS

Study population
REGARDS is a national cohort study that enrolled 30,239 non-Hispanic white and black adults ≥45 years of age between January 2003 and October 2007 across the 48 contiguous US states. Adults in the Southeastern states and blacks were oversampled in order to study the variation in stroke mortality across geographical regions and race [11] . The data collected from the REGARDS participants were linked to Medicare claims using participants' social security numbers, date of birth and sex as previously described [12] . Approximately two thirds of participants (n =20,403) had Medicare linkage at some point between 2000 and 2012;
approximately one third (n =10,839) had Medicare fee-for-service coverage on the date of study enrollment. Among REGARDS participants ≥65 years of age, 80% had data linked to Medicare and 64% had fee-for-service coverage at study enrollment. In this cross-sectional study, we 
Covariates
Information on age, race, gender, education, and income was collected during the REGARDS baseline interview. Systolic and diastolic blood pressure (BP) and body mass index (BMI) were measured at the time of hospitalization and from baseline in-home visit, respectively.
We determined the presence of comorbidities from documentation on medical records at the time of HFpEF hospitalization. Comorbidities included asthma, COPD, hypotension, atrial fibrillation (AF), peripheral vascular disease and stroke, history of hypertension, diabetes, CKD, dialysis, implanted cardiac devices, myocardial infarction (MI), history of coronary heart disease (CHD), and CHD events within past year, which were also collected at the time of hospitalization.
Hospitalization within past year and outpatient clinic visits in the week after discharge were detected using Medicare claims.
Statistical Analysis
The population characteristics were described using percentage (%) for categorical variables and mean ± standard deviation (SD) for continuous variables. We calculated the percentage of hospitalizations with the medications on admission, at discharge and with claims for prescription fills in the 365 days post-discharge. REGARDS participants with HFpEF were stratified based on the comorbid conditions CKD, CHD, COPD, and diabetes to compare medication prescriptions at discharge. Prevalence of discharge medication prescriptions for those with and without the comorbidities compared using generalized estimating equation Poisson models with robust variance estimates to calculate prevalence ratios, accounting for individual participants contributing multiple hospitalizations. We did not examine the association of comorbidities with use of isosorbide dinitrate without hydralazine because of the small number of patients who used this agent. To account for missing data, we used the fully conditional specification (FCS) method of multiple imputation to create 20 imputed datasets. Analyses were conducted in each dataset; point estimates and standard errors were combined across datasets [13] .
All statistical analyses were performed using SAS version 9.4. Software (SAS Institute, Inc., Cary, North Carolina). 
Ethical Considerations
RESULTS
Among 600 hospitalizations, we were able to retrieve medical record and link Medicare prescription drug claims for 152 hospitalizations (101 unique patients) for HF with ejection fraction ≥ 50%, qualitative "normal" ejection fraction, or diagnosis code specifying diastolic heart dysfunction without systolic dysfunction. The mean age was 74.8 ± 8.5 years ( Table 1) . More than half of the participants with HFpEF were black, and 73.7% were female. The mean ± SD of systolic and diastolic blood pressure of the participants at the time of hospitalization were 151 ± 35 mmHg and 75 ± 22 mmHg respectively. More than 55% of the participants were obese and nearly 35% of the participants had less than a high school of education. Approximately 62% of the participants had annual income less than $20,000. Most of the patients hospitalized for HFpEF had a history of hypertension (97.2%), diabetes (65.1%), history of coronary heart disease (60.9%), and COPD (51.3%) while 38.9% and 41.1% had AF and CKD, respectively.
Among hospitalizations for HFpEF, at admission 66.4% had prescriptions for betablockers, 42.8% had prescriptions for ACEIs/ARBs, 61.2% had prescriptions for diuretics, 44.7% had prescriptions for statins, and 41% had prescriptions for CCBs (Table 2 ). Only 20.4% of patients had prescriptions for beta-blockers with guideline indications for systolic dysfunction (HFrEF), 15.1% had HISDN and 6.6% had aldosterone receptor antagonists and spironolactone at admission. At discharge, 72.7% had prescriptions for beta-blockers, and nearly 80.0% had prescriptions for diuretics including loop diuretics. The majority of patients filled prescriptions for diuretics (73.0%), loop diuretics (70.4%), and beta-blockers (58.6%) within one year of hospital discharge. A smaller percentage of patients had prescription claims within one year for CCBs (10.5%) compared to their prescriptions at admission (41.0%) and discharge (41.2%). The use of spironolactone (6.6%), digoxin (17.6%), HISDN (15.1%), isosorbide dinitrate without hydralazine DISCUSSION This study of REGARDS participants hospitalized for HFpEF demonstrated that patients were likely to be treated with diuretics and medications indicated for HFrEF including betablockers and ACEIs/ARBs. The majority were prescribed diuretics and beta-blockers both prior admission and at discharge. For all medications examined, the percentage of participants who were prescribed medications at discharge was greater than at admission, but many participants did not have Medicare claims for filled prescriptions in the year following discharge.
The American College of Cardiology/ American Heart Association (ACC/AHA), European Society of Cardiology and Heart Failure Society of America (HFSA) treatment guidelines recommend controlling factors affecting ventricular diastolic function, which includes controlling blood pressure, heart rate, blood volume, and myocardial ischemia in HFpEF patients [8] [9] [10] . These guidelines also recommend the use of diuretics to relieve symptoms due to volume overload [8, 9] and hypertensive patients with concomitant presence of CKD are recommended diuretics and ACEIs/ARBs regardless of diabetes status. Similarly, a thiazide diuretic, ACEIs/ARBs or CCBs are appropriate for hypertensive patients who do not have concomitant kidney disease [14] . Hypertension was most common comorbid condition occurring in 97.2% in the participants of our study. The use beta-blockers, ACEIs/ARBs, diuretics and CCBs at admission, discharge and one-year refill was likely to be in large part intended to treat hypertension. CHD, MI, and AF were also common as were other non-cardiac comorbidities like COPD, diabetes, CKD, and obesity. Stratification of hospitalized HFpEF participants based on presence or absence of CKD, CHD, COPD and diabetes showed that treatment patterns were largely similar irrespective of the comorbidities present except for use of HISDN and statins in participants with CKD and statins in participants with CHD and diabetes where the discharge prescriptions of these medications were higher compared to those who did not have comorbidities.
Several pharmacological therapies including diuretics, beta-blockers, and ACEIs/ARBs have improved outcomes of morbidity and mortality in HFrEF patients in the last two decades, but long term clinical outcomes in patients with HFrEF and HFpEF are still poor [15] [16] [17] . However, use of these treatments were more common among HFrEF patients than HFpEF patients after diagnosis. In OPTIMIZE-HF registry, the use of beta-blockers was evaluated in 7154 HF hospitalized patients (divided into 2 cohorts-left ventricular systolic dysfunction and patients with HFpEF), which showed HFpEF patients were likely to be prescribed diuretics (79.6%), ACEIs/ARBs (64.5%), and statins (31.5%) but had fewer prescriptions of aldosterone antagonist (9.3%) and digoxin (20.4%) at discharge [26] . We observed similar treatment patterns among REGARDS participants with HFpEF. A report from Japanese Cardiac Registry of Heart Failure in Cardiology (JCARE-CARD) showed a higher use CCBs in HFpEF (42.9%) compared to HFrEF (17.1%) patients when discharged [27] . A study conducted in a local public hospital in Hong Kong with 73 HFpEF patients found that loop diuretics (80.8%), ACEIs (65.8%), betablockers (58.9%) and CCBs (57.5%) were commonly prescribed for HFpEF management in an outpatient setting [25] . In the Japanese Cardiac Registry of Heart Failure in Cardiology compared to HFrEF, in HFpEF patients, beta-blockers were less likely to be prescribed at discharge [27] , and prescription of diuretics at discharge was similar between groups (84% vs 81%). Most hypertensive patients with HFpEF receive beta-blockers, diuretics and ACEIs/ARBs to control high BP [9] ; [28] .
The results of this study must be considered in light of its limitations. This study includes a small sample of participants with HFpEF. The small sample size also prevented us from conducting models to adjust for any confounders. However, in contrast to the available studies from registries and specific medical centers, the REGARDS study provides more information on demographics and includes a broad range of participants treated in unselected hospitals from across the United States.
In conclusion, beta-blockers, ACEIs/ARBs, statins, CCBs and diuretics (including loop diuretics) were commonly prescribed for HFpEF patients at admission and discharge. The Medicare claims for medication fills after one year was significantly lower as compared to medications prescribed during discharge in HFpEF patients suggesting that many individuals do not take prescribed medications. The discharged prescriptions for HISDN and statins were higher among those with CKD compared to those without CKD. Similarly, the prescriptions for statins were significantly higher in patients with CHD and diabetes compared to patients without those comorbidities.
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